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This i s  the semiannual s t a tus  report  of work done d u s  

ing the period from'August 1, 1965 through January 31, 1966 

under National Aeronautics and Space Administration Grant 

NsC-120 t o  study the production, detection and properties of 

s o f t  x-rays. 

Work carried out during the l a s t  half  year, i n  exten- 

sion of t h a t  described i n  the last report ,  deals on the one 

hand with wave lengths up t o  ca 80A., and on the other with 

attempts t o  measure st i l l  longer radiations.  

j ec t ives  a r e  d i f fe ren t  f o r  the two spec t ra l  regions. 

Our current ob- 

As previously indicated, many of the  chemical elements 

giving L and M spectra i n  the shorter  of these two regions a r e  

too l i g h t  t o  have electrons i n  the energy leve ls  involved i n  

producing t h e i r  strongest (a, I3 and Y )  l ines .  

a s  we observe them, therefore consis t  only of l i n e s  which ordi- 

nar i ly  a re  rated a s  weak. 

simplification of x-ray spectrum as function of atomic number. 

Some of the spec t ra l  l i n e s  i n  the region under consideration 

a r e  due t o  the electrons tha t  a r e  involved i n  chemical combina- 

t ion;  they a r e  consequently influenced by the valency s t a t e  of 

the responsible atoms. 

Their spectra, 

We a r e  mapping t h i s  progressive 

This valency e f f ec t  i s  masifested i n  



small shifts  i n  wave length and, where electrons i n  conduction 

bands are involved, by changes i n  l i n e  shape. 

t i es  a l s o  are affected though t h i s  f a c t  has received l i t t l e  

a t t en t ion  thus far  because the requisite in t ens i ty  data have 

not  been available.  

s u l t s  of preliminary intensi ty  measurements of many of the  L 

and M spectra lying i n  the region under study. 

been extended t o  include several chemical elements not previous- 

l y  avai lable ,  and we  have been seeking t o  improve the accuracy 

with which i n t e n s i t i e s  can be measured. 

evaluating fac tors ,  such as re f lec t ing  c rys t a l  and sample ab- 

sorption, which must be taken in to  account before the absolute 

i n t e n s i t i e s  t h a t  relate d i rec t ly  t o  valence can be calculated. 

Depending on the  wave lengths being studied, d i f f e r e n t  types of 

exci ta t ion are being employed - fluorescent,  d i r e c t  e lectron 

bombardment and the  mixed exci ta t ion obtained w i t h  windowless 

x-ray tubes. Such in t ens i ty  measurements i n  the  region shorter  

than 8OA.will form a continuing pa r t  of our program and we plan 

t o  publish better and more complete data as they become available.  

Line intensi-  

I n  preceding repor t s  w e  have provided re- 

These have now 

We have a l s o  begun 

Over the las t  half  year, however, we  have begun t o  give 

major a t ten t ion  t o  the examination of longer wave lengths. 

i s  proceeding i n  the following three direct ions:  (1) the  search 

f o r  new means of producing very long x-rays, ( 2 )  the  search f o r  

a sa t i s fac tory  detector  i n  place of the  proportional gas counter 

used f o r  shorter  radiat ions and ( 3 )  an improvement i n  our ruled 

This 



, 
NASA 3. 

gra t ing  vacuum spectrometer. 

(1) The paucity of l i n e s  i n  the long wave length L 

and M spectra makes it apparent t h a t  o ther  than x-ray tubes 

must be used as sources f o r  radiat ions longer than ca 1OOA. 

We accordingly are devoting an increasing amount of time t o  

experiments with gas discharges which might reasonably be ex- 

pected t o  y ie ld  radiat ion i n  the  very s o f t  x-ray region and 

t o  problems of vacuum technique which such gaseous sources 

introduce. 

slowly because of the  large amount of shop construction it 

enta i l s .  

This development i s  proceeding s teadi ly ,  but 

(2) Though we  s h a l l  be able t o  extend our observa- 

t i ons  somewhat beyond ca 8OR,by employing a proportional 

counter having an u l t r a t h i n  window and gas a t  reduced pres- 

sures,  t he  need t o  avoid any windew when dealing with much 

longer radiat ions calls for a photoelectric detector  of some 

sor t .  I n  s p i t e  of the  comparatively low sens i t i v i ty  obtain- 

ed with the  Bendix type counter i n  our experiments w i t h  wave 

lengths shor te r  than lOOA,, we are resuming work with it i n  

t h e  hope t h a t  i n  combination with a su f f i c i en t ly  intense 

source it can be used sa t i s f ac to r i ly  f o r  very long x-rays. 

Though we have had no d i f f i c u l t y  i n  measuring 

w&thxnr  present ruled g r a t i n g  spectrometer the r e l a t ive ly  

weak l i n e s  t h a t  remain i n  L and M spectra of wave lengths of 

ca 8OA., it has seemed important t o  build apparatus t h a t  w i l l  

\ 
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measure the  longer wave lengths more conveniently and with 

greater accuracy. 

vacuum chamber of s t a in l e s s  steel pumped with our molecular 

We have therefore constructed a larger 

. 

pumping system, 

the  lo’* t o  10’’ mm. range without bake-out, and i s  being 

This i s  currently functioning rout inely i n  

used i n  a series of s tudies  designed t o  improve the  perfonn- 

ance of our Bendix photomultiplier. It i s  planned ult imately 

t o  rebui ld  ce r t a in  p a r t s  of the ex is t ing  ruled gra t ing  spec- 

trometer i n  the l i g h t  of experience already gained with it 

and then t o  i n s t a l l  it i n  the large chamber, I n  t h i s  way 

better pre-alignment procedures can be carried out,  w e  w i l l  

have more l a t i t u d e  i n  making experiments with d i f f e r e n t  

sources and spec t ra l  photographs can be taken as controls  

on the measurements of intensi ty .  

The only publication under t h i s  Grant during the  

las t  s i x  months is: 

Franklin D, Davidson and Ralph W.G. Wyckoff, flL and M X-Ray 
Spectra i n  the  Region from 2 - 85A,” which is appearing 
i n  Volume 9 of rtAdvances i n  X-Ray AnalysisOrf Reprints 
w i l l  be forwarded when received. 


